M
easures of speech intelligibility reflect not only the acoustic integrity of the speech signal, but they also reflect factors, such as listener knowledge, that influence the listener's interpretation of this acoustic signal (Pisoni & Luce, 1986; Weismer & Martin, 1992) . Research suggests that when a speech signal is degraded, listeners rely heavily on their knowledge about the topic, the speaker, the structure of language, and so forth, to extract the message that is being conveyed (Duffy & Pisoni, 1992; Greene & Pisoni, 1988) . Thus, the perception of connected speech produced by a person with dysarthria may require that a listener engage in more constructive, top-down processing than would be necessary for the perception of nondegraded speech (Greene & Pisoni, 1988; Weismer & Martin, 1992) . The role that listener knowledge plays in the perception of dysarthric speech has not been investigated in great detail. However, we know much about the production and signal characteristics of dysarthric speech (Caruso & Burton, 1987; Farmer, 1980; Kent et al., 1989; Kent & Netsell, 1978; Weismer, 1984a Weismer, , 1984b Weismer, Mulligan, & DePaul, 1986; Ziegler & von Cramon, 1986) .
The few studies that have investigated listener-oriented factors in the perception of dysarthric speech have provided some insight to this complicated issue. Using the paradigm of Pollack and Pickett (1963) , Kreider (1988) examined the effects of surrounding context (defined as the number of words in an utterance) on the intelligibility of target words produced by people with apraxia and dysarthria. She identified target words within the spontaneous speech samples of these subjects, and then systematically expanded the context around the target word to create the listening conditions (e.g., "diagnosed," "diagnosed it," "they diagnosed it," "they diagnosed it immediately," "and they diagnosed it immediately"). Like Pollack and Pickett (1963) , she found that intelligibility of the target words improved as the number of words adjacent to a target word increased. Her study demonstrated how the presence of context can improve the accuracy of listener decisionmaking in the perception of degraded speech.
Another listener variable shown to influence speech intelligibility judgments is knowledge of the topic that is being discussed by the speaker with dysarthria. Yorkston and Beukelman (1980) showed that as listeners became more familiar with the content of the spoken message, intelligibility estimates increased. Hammen, Yorkston, and Dowden (1991) reported similar findings for a single-word intelligibility task. They demonstrated that listeners who were informed of the semantic category to which the single words belonged outperformed those listeners who did not have this information. The size of this effect was greatest for those listeners who heard the most severely dysarthric speech.
Level of listener sophistication or experience has been investigated as a factor that may influence speech intelligibility judgments. Platt, Andrews, Young, and Quinn (1980) found that 78% of the phonemes spoken by subjects with cerebral palsy were identifiable as correctly articulated by experienced listeners, but only 50% of single words uttered were intelligible to the naive listeners. In contrast, Hunter, Pring, and Martin (1991) found no effects of listener experience on a measure of speech recognition. The discrepancy in findings between these two investigations may be a result of different definitions of "experienced listeners" as well as differences in listening tasks. Platt et al.'s (1980) experienced listener was one of the investigators, whereas Hunter et al. (1991) defined experienced listeners as those having previous experience with the speech of individuals with cerebral palsy in work situations. Although both studies employed a word transcription task, Platt et al. (1980) presented words for transcription in a list format, whereas Hunter et al. (1991) presented target words within the context of a sentence. Task differences have been shown previously to influence perceptual performance for dysarthric speech (Yorkston & Beukelman, 1978) . There is also conflicting evidence regarding the effects of familiarity with the dysarthric speech pattern on measures of speech intelligibility. Yorkston and Beukelman (1983) randomly assigned listeners to one of three familiarization conditions, including no familiarization, familiarization without feedback, and familiarization with specific feedback. Their familiarization procedure consisted of prior exposure to the speech of a group of dysarthric speakers before performing the listening task. Judges in all groups performed an initial, baseline transcription followed by a second transcription task. The familiarization without feedback condition consisted of judges re-listening to the dysarthric speech they had just attempted to transcribe. The familiarization-with-specificfeedback condition consisted of judges re-listening to the dysarthric speech they had just attempted to transcribe while following along with an accurate written script. The results indicated that neither familiarization condition was associated with higher sentence transcription scores than the no-familiarization procedure.
In contrast, Tjaden and Liss (1992) documented benefits of a brief-exposure familiarization procedure in the perception of dysarthric speech. They provided two of their three naive listener groups with a sample of speech and its written transcript from a single dysarthric speaker. Listeners then transcribed sentences produced by this same speaker. Their results indicated that listeners who were familiarized with the dysarthric subject's speech before performing a sentence transcription task of that same dysarthric speech outperformed listeners who were not familiarized.
The apparently contradictory results between Yorkston and Beukelman (1983) and Tjaden and Liss (1992) might be explained on procedural grounds. First, Tjaden and Liss used only naive listeners who reported little or no prior exposure to dysarthric speech. Yorkston and Beukelman used experienced listeners, but they pointed out that the random assignment of listeners to their three listening groups resulted in uneven distribution of "experience" across groups. Their experienced listeners included speechlanguage pathologists as well as student clinicians. Second, Yorkston and Beukelman had their listeners transcribe several dysarthric talkers' speech following the familiarization procedure, whereas Tjaden and Liss used a single speaker. The task demands placed on the listeners in these investigations may have contributed to different results.
To our knowledge, no investigation has specifically addressed the influence that listener familiarization with the speaker might bear on perception of "treated" dysarthric speech. Such findings could have significant impact in the clinical setting where speech-language pathologists make judgments of speech intelligibility after prolonged interaction with dysarthric speakers. It is not unreasonable to suspect that speech-language pathologists' judgments of speech intelligibility or perhaps treatment progress are inflated as a result of day-to-day contact with individual clients (Yorkston & Beukelman, 1983) .
The present study is part of a larger investigation that sought to determine the degree to which speech improvements exhibited by a speaker with dysarthria were the result of intervention strategies, and the degree to which they could be attributed to changes in listening abilities that were linked to exposure to the speaker's speech pattern. The literature suggests that familiarization is a complex phenomenon that likely interacts with a listener's level of experience and the nature of the familiarization procedure. Thus, a fairly straightforward comparison was chosen-to document the effects of a brief-exposure familiarization procedure on groups of inexperienced listeners transcribing samples of pretreatment or posttreatment speech. Based on clinical impressions, it was expected that the breath-patterning strategy employed by this speaker with dysarthria would significantly increase her speech intelligibility. However, it was unknown whether the addition of a single-exposure familiarization procedure would increase judges' performance on a sentence transcription task above and beyond that of listeners hearing only the "treated" speech.
Methods

Speaker
Evaluation. The speaker was a 26-year-old Korean woman with cerebral palsy who was a self-referred client at the University of Minnesota Speech and Hearing Clinic. An initial motor speech examination was conducted by the second author, who is a certified speech-language pathologist. This evaluation consisted of a speech mechanism examination, and a perceptual characterization of her speech production based on samples of sustained phonation; diadochokinetic tasks; syllable, word, and sentence production; and connected speech produced in read and spontaneous contexts.
The examination revealed deficits in all speech subsystems, with exceptional deficits in both respiratory and laryngeal control. Respiratory symptoms in connected speech included alternating loudness, loudness decay, a tendency toward reduced loudness, reduced phrase length, and initiating speech at low lung volumes. With regard to her phonatory system, the speaker was unable to consistently produce phonation on request, and she was unable to sustain a phonated /a/ for the evaluation. During spontaneous speech, her vocal pitch and quality ranged from a highpitched weak and breathy voice to a strained-strangled glottal fry. However, much of her recitation speech tended toward low-pitched monotonicity. In terms of resonance, audible nasal air emissions and nasal fricatives were present intermittently in connected speech; however, the general impression was not one of pervasive hypernasality. Velopharyngeal incompetence extended across words and short phrases, but did not prohibit the production of pressure consonants. In general, articulatory placement at the syllable and single-syllable word level was relatively spared. Multiple vowel and consonant distortions and substitutions were present, especially in connected speech. Some articulatory errors were judged to stem from her acquisition of English as a second language (ESL), including /l/ for /r/ and /b/ for /v/ substitutions. Other articulatory errors, such as the devoicing or whispering of vocalic segments, were considered to be related to the motor control deficit. Prosodic patterns were characterized by short phrases, inappropriate pauses, inadequate stress, a tendency toward excess and equal stress, and lack of phonatory control.
Based on the results of this assessment, the speaker was diagnosed as having a moderate-severe mixed dysarthria with spastic and ataxic components, according to the perceptual symptom clusters described by Darley, Aronson, and Brown (1975) . Her intelligibility in connected speech was estimated at 30-50% when the topic was known to the experienced listener. Subjectively, the severity of her dysarthria masked the fact she was a nonnative English speaker. It was believed that the greatest contributor to her reduced intelligibility was the impaired respiratory-phonatory control, and the effects of this reduced control on articulation and prosody.
During the second speech evaluation session, the Assessment of Intelligibility of Dysarthric Speech (Yorkston & Beukelman, 1981) was administered to obtain a formal index of speech intelligibility. A certified speechlanguage pathologist not involved in the present investigation scored the test. Mean single-word intelligibility obtained via multiple choice scoring format was 46%. Sentence intelligibility ranged from 0-85%, with a mean of 32.7%.
Treatment. Probe tasks administered during the diagnostic sessions indicated that speech intelligibility could be improved in connected speech by encouraging deep inhalation before the initiation of speech, and by having the woman speak only several words on each breath. Given the speaker's stimulability, and the gains in intelligibility perceived by the two certified speech-language pathologists and student clinician who were working with this woman, it was decided that intervention should focus on respiratory support and control. The breath-group strategy used was similar to that used by Bellaire, Yorkston, and Beukelman (1986) . Breath-patterning strategies are frequently used with patients with poor respiratory skills as a means of controlling the airstream more efficiently during speech (Yorkston, Beukelman, & Bell, 1988) .
The speaker was trained in the use of a breathpatterning strategy in which she was instructed to take a breath each time she encountered a backslash in the material she was reading. Two 30-minute clinical sessions were devoted to teaching this strategy, during which the speaker quickly became proficient in her use of the breathgroups.
1 Stimuli used during the clinical sessions consisted of short phrase combinations separated by a single backslash, and were entirely different from the material used for the investigation. At the end of the two clinical sessions, the dysarthric speaker was able to use this strategy consistently, with re-instruction from the investigators on every second or third phrase combination. The speaker was unable to implement the strategy without the presence of backslashes on the transcript, and she did not appear to invoke the strategy during her spontaneous speech.
No formal measure of speech intelligibility was obtained while the dysarthric speaker was implementing the breath-patterning strategy. However, two certified speech-language pathologists as well as a student clinician were in agreement that the dysarthric speaker was more intelligible when using this strategy than when she was not.
Equipment and Setup
Three audiotapes of the dysarthric woman's speech were constructed over two 1-hour sessions on consecutive days. All audio recording took place in a quiet room using a Tascam 112 audio recorder and BK1 Electrovoice microphone mounted on a tabletop microphone stand. To reduce potential effects of signal loss due to variable mouth-to-microphone distance with the tabletop microphone, the speaker was required to maintain the same head position relative to the microphone from sentence to sentence. This procedure had been previously judged to produce a relatively undistorted acoustic signal for this speaker.
2 Throughout the recording sessions, the speaker was reminded frequently to maintain her head position during her production of the sentences.
Speech Sample
Before recording, the speaker read through the speech stimuli several times to reduce the novelty of the material. Utterances judged to be poorly read during the taping (read with disfluencies or word-level additions or omissions) were repeated. A total of 3 audiotapes were made: control, familiarization, and treatment. The control and treatment tapes served as stimuli for the transcription task completed by all subjects; the familiarization tape was used in the familiarization procedure but was not transcribed by any of the subjects of this study. The three audiotapes and the chronology of speech sample collection are described in detail in the following sections.
Control tape. The control tape contained the speaker's productions of 48 3 6-word sentences that were generated by the investigators (see Appendix A-the sentences were provided without the backslashes). The sentences were developed with the intent to sample the speaker's productions of a wide variety of phonemes; all phonemes occurred at least one time in the set. In addition, the sentences consisted of a roughly equal distribution of questions, declaratives, and imperatives in order to sample a range of the speaker's prosodic patterns. Each sentence was free of compound words and contractions; syllable length ranged from one to four. The speaker was asked simply to read this list of sentences in her usual manner.
Treatment tape. The treatment tape consisted of the speaker's productions of the same 48 sentences contained in the control tape (see Appendix A-list of sentences with backslashes). However, for the treatment tape, the speaker took a breath each time she encountered a backslash on the transcript. The investigator monitored the productions on-line so that sentences that did not contain inhalations at the desired locations, or that contained word-level additions or omissions, could be repeated immediately.
To ensure that the treatment and control productions were quantitatively different, the 96 sentences were digitized at a sampling rate of 22 kHz, and selected segmental durations were measured from speech waveforms (CSpeech software, Milenkovic & Read, 1992) according to conventional segmentation criteria (Weismer, 1984b) . Acoustic measures included total utterance durations (TUD), phrase durations, and pause durations. From these measures, percentage of TUD devoted to articulation and percentage of TUD devoted to pause time were calculated for each control and treatment sentence and then averaged. For the control sentences, the mean percentage of TUD devoted to pause time was 23.68% (SD = 12.67) and the mean percentage of TUD devoted to articulation time was 76.17% (SD = 12.44). For the treatment sentences, the mean percentage of TUD devoted to pause time was 33.03% (SD = 8.72) and the mean percentage of TUD devoted to articulation time was 66.99% (SD = 8.69 To summarize, the treatment sentences contained more pause time and less articulation time relative to the control sentences. The treatment sentences also contained fewer syntactically inappropriate pauses compared to the control sentences.
Familiarization tape. The familiarization tape was obtained by asking the speaker to read a paragraph consisting of 12 six-word sentences. This paragraph was constructed by the investigators in a manner similar to the development of the sentence stimuli. These sentences were entirely different from those constituting the control and treatment tapes, and were designed to sample a variety of phonemes within a thematic context (see Appendix B). The paragraph did not contain breath-group markings, and the speaker was instructed to read the paragraph in her usual manner.
Chronology of speech sample collection. During the first recording session, the control tape was made, followed by the familiarization tape. The treatment tape was obtained during the second recording session on the following day. This recording format minimized possible carryover effects of the treatment strategy to the control and familiarization tapes. Such a format also minimized possible fatigue effects. The control and treatment tapes were identical in content and were produced in the same order (sentences 1-50) by the speaker.
Listeners and Listening Tasks
Thirty female college students from the University of Minnesota served as subjects. Listeners were recruited primarily from undergraduate course offerings in the Department of Communication Disorders and other departments in the College of Liberal Arts. All subjects reported normal hearing, Standard American English as a first language, and little or no experience listening to dysarthric speech. That is, listeners interacting on a regular basis with dysarthric individuals and student clinicians were excluded from the listener pool. The listening task took approximately 45 minutes, and subjects were compensated for their time.
Listeners were randomly assigned in equal number to one of three experimental groups, including a control, a treatment, and a familiarization group. Listeners were assembled in groups ranging in size from one to five in the University of Minnesota Language Laboratory. This laboratory contained a master tape deck controlled by an investigator, and individual study carrels equipped with high-fidelity headphones. Listener groups were told they would be hearing the speech of a non-native Englishspeaking woman who had nervous system damage that affected the way she could use her muscles to talk. Subjects were informed that they would hear a list of 6-word sentences, each followed by a 20-second pause.
Subjects were instructed to write down on an answer sheet what they heard and were encouraged to guess if they were unsure of the speaker's utterance. Order of presentation of the stimuli sentences was counterbalanced within each listener group (half of the subjects heard sentences 1-25 first, the other half heard 26-50 first). Subjects heard each sentence only once.
Immediately before performing the sentence transcription task, members of the familiarization group participated in a familiarization procedure. These listeners were told that they would be given a chance to hear the woman's speech before performing the sentence transcription task. They were each given a written transcript, and followed along while they listened to the paragraph twice. Listeners in the control and treatment groups did not participate in the familiarization procedure.
To summarize, all three subject groups heard the instructions and transcribed a set of sentences. The control group transcribed the sentences that were produced by the speaker without using the breath-group strategy; the treatment group transcribed the sentences that were produced by the speaker using the breath-group strategy; and the familiarization group also transcribed the treatment strategy sentences after listening to the familiarization paragraph.
Data Analysis
It was necessary to identify whether listener groups responded at the same rate. If one group simply attempted to transcribe more words than another group, true performance differences could be masked. Toward this end, a word-response score was obtained for each listener by tallying the absolute number of word responses (including correct and incorrect responses). Potential differences in response rate were evaluated by analysis of variance procedures.
A percent-correct score was calculated for each listener by dividing the total number of words correctly transcribed by 288 (48 sentences x 6 words per sentence) and multiplying the result by 100. A word was scored as correct if the listener's response exactly corresponded to the target word (the word the speaker was instructed to read). Entire sentences left blank on the response sheet were scored as "no response." Potential differences in group accuracy were evaluated by analysis-of-variance procedures.
Finally, an item analysis was conducted to identify those sentences on which the three listening groups performed differently. This analysis determined which treatment sentences were more intelligible than their control counterparts, and which sentences the familiarization group transcribed more accurately than the treatment group. For each sentence, a percent-words-correct score was calculated by dividing the number of words a group correctly transcribed by 60 (10 listeners x 6 words per sentence). For example, to receive a percent-words-correct score of 100%, all 10 listeners in a group had to transcribe all words in that sentence correctly. A qualitative assessment of group performance patterns across intelligibility levels was conducted. Table 1 shows listener performance across experimental groups. The first data column contains the absolute number of word responses, correct and incorrect, provided by each subject. Comparison of individual scores revealed overlap across experimental groups. A one-way analysis of variance (ANOVA) revealed no significant differences in the response rates across listener groups (F(2, 27) = .866; p = .432). That is, the familiarization group outperformed the treatment group, which in turn outperformed the control group. Table 2 shows the results of the item analysis, and group data for each of the 48 sentences. The numbers in the two data columns are percentage values. The percentwords-correct scores were calculated by determining how many of the possible 60-word responses for each sentence (10 subjects x 6 words per sentence) were accurately transcribed. Values close to 100% (60/60) indicate the sentence was of high intelligibility for the group that obtained that score. In describing level of intelligibility, we use the terms high, mid, and low to refer to percent-wordscorrect scores of 100-67%, 66-34%, and 33-0%, respectively.
Results
The first data column contains percent-words-correct scores for sentences in which the treatment group outperformed the control group (T > C). The second data column contains percent-words-correct scores for sentences in which the familiarization group outperformed the treatment group (F > T). Cells with bracketed values (e.g., the second column for sentence 6) represent cases in which there was no difference between the groups, or in which the performance pattern went in the opposite direction (i.e., T = C or T < C for column 1; F = T or F < T for column 2).
The first observation that can be made concerns the intrinsic intelligibility of the sentences. Were some sentences difficult for all listener groups to understand, while others were relatively easy for them to decipher? In all, 21 of the 48 sentences were transcribed at low rates of accuracy by all listener groups (e.g., sentences 1, 4, and 5), suggesting a low intrinsic intelligibility for these sentences. Despite the treatment strategy and the familiarization procedure, these sentences were difficult for listeners to understand. All groups found 6 of the 48 sentences to be highly intelligible (sentences 2, 10, 15, 19, 23, and 46) ; and three sentences fell squarely in the mid-range of intrinsic intelligibility (sentences 3, 13, and 24) .
The remaining 18 sentences did not elicit similar percent-words-correct scores across the three groups, and therefore were not associated with a common level of intrinsic intelligibility. For example, consider the performance patterns for sentences 17, 18, and 35 . The control group's performance on these three sentences was very poor (17%, 12%, and 2%, respectively); the treatment group had substantially greater success (45%, 53% and 20%, respectively); and the familiarization group was quite accurate in their transcriptions of these sentences (77%, 67%, and 67%, respectively).
The first data column of Table 2 illustrates the perfor- mance differences between the control group and the treatment group. For example, sentence 2 shows that the treatment group transcribed 77% of the 60 words correctly, as compared to the 68% accuracy of the control group. The total shown at the very bottom of this column indicates that this pattern of performance, wherein the treatment group outperformed the control group, held for 30 of 48 utterances (63%). Across the 30 sentences that conformed to this pattern (T > C), the treatment group was on average 18.2% more accurate than the control group (SD = 13.8%). These 30 sentences spanned the range of intrinsic intelligibility. The second data column contains percent-words-correct values for sentences in which the familiarization group outperformed the treatment group (F > T). For example, for sentence 1, 5% of the 60 possible responses of the familiarization group were accurate, as compared to 2% accuracy of the treatment group's responses. The total shown at the bottom of this column indicates that this pattern of performance, in which the familiarization group outperformed the treatment group, characterized 33 of the 48 sentences (69%). When the familiarization group exceeded the performance of the treatment group, they did so by an average of 14.6% (SD = 10.5%). Again, this pattern was apparent across all levels of intrinsic intelligibility among the sentences.
Looking across the two data columns of Table 2 , one can see the distribution of bracketed cells that correspond to performance patterns that were opposite to those listed in the column headings of the table. Sentences that contain a bracketed cell in data column 1 indicate that the treatment sentences were not more intelligible than the control sentences. This was true for 18 of the 48 sentences. Seventy-two percent of these 18 sentences were of low inherent intelligibility for both the control and treatment productions. This reversal (T < C) was observed for only two high intelligibility sentences (10 and 12 were transcribed at greater than 67% accuracy by the control group). Thus, the T > C performance pattern was more likely to be reversed for sentences with low intelligibility than for sentences with higher levels of intelligibility. It is of note that the control group actually outperformed both of the other two groups for seven sentences, numbers 14, 16, 22, 24, 25, 28, and 31 .
The distribution of bracketed cells across the second data column of Table 2 shows that the treatment group outperformed the familiarization group on 15 of the 48 sentences. Seven of these 15 sentences were associated with high intrinsic intelligibility for the treatment group, and six with very low levels of accuracy for this group. Thus, the performance pattern that prevailed for the majority of the sentences (F > T) was more likely to be violated at the poles of the intrinsic intelligibility continuum than in the middle.
Discussion
The first finding of this investigation is that the treatment sentences elicited significantly higher percent-correct scores from the listeners than did the control sentences.
The item analysis revealed that 63% of the treatment sentences were more intelligible than their control counterparts. This finding is consistent with our clinical impression that the breath-group strategy effectively increased the intelligibility of this dysarthric speaker. Based on the known temporal differences between these two sets of sentences, we can hypothesize that the breath-group strategy effectively chunked together important informational units. It has been demonstrated that when speakers do not use pauses appropriately, speech intelligibility is reduced (Yorkston, Beukelman, & Bell, 1988) . Huggins (1978) refers to this as the "garden path effect" where listeners are not supplied with appropriate reference points (pauses) to assist them in deciphering the message. It is also possible that the sentences produced with the breathgroup strategy contained fewer articulatory errors that were the result of respiratory-phonatory incoordination, such as the devoicing or whispering of vocalic segments. This could be assessed by a narrower transcription of the two sets of sentences than was conducted for this investigation.
The second and more critical finding of this investigation is that listeners in the familiarization group were significantly more accurate in their transcriptions than listeners in the treatment group. The item analysis revealed that 69% of the familiarization sentences were more intelligible than their treatment counterparts. These findings must be viewed within the constraints of the study design:
1. Speaker: the use of a single speaker with moderateseverely impaired intelligibility, whose speech pattern was the culmination of a spastic-ataxic dysarthria and Englishas-a-second-language errors; 2. Listeners: the use of naive female listeners who had no significant previous experience with dysarthric speakers; and 3. Procedures: the use of a familiarization procedure that was based on connected, "non-treated" speech, the simultaneous presentation of feedback in the form of a written script, and a sentence transcription task in which sentences were presented only once.
Changes in one or more aspects of this study may have yielded different results, or different magnitudes of effect. Each of these variables is addressed in turn.
Speaker. Dysarthric speakers are, by their very nature, an extremely heterogeneous group. Our present level of knowledge about the phenomenon of familiarization is so incomplete that it is difficult to know a priori what knowledge listeners actually acquire during a familiarization procedure. Moreover, the knowledge listeners acquire may be specific to each dysarthric speaker or a particular pattern of speech.
The speaker used in the present investigation allowed us to look at one variable, intrinsic intelligibility of speech, in some detail. Her intelligibility was substantially reduced in all of her connected speech; however, some of her sentences were produced with relative clarity, as can be seen from the item analysis presented in Table 2 . By looking at the pattern of group performance across sentences, we found that the most common pattern, familiarization > treatment > control, occurred at all levels of intrinsic sentence intelligibility. However, the treatment group performed no better than the control group for some sentences with very low inherent intelligibility. And the familiarization group performed no better than the treatment group on some sentences with very high and some with very low intrinsic intelligibility. This latter observation suggests that the phenomenon of familiarization might be sensitive to floor and ceiling effects, even though listeners in the familiarization group did outperform the treatment group on sentences that spanned the whole range of intelligibility in this study.
Additional investigations are needed to examine how familiarization effects co-vary with the degree of severity, and perhaps the pattern of speech deficit. Perhaps listener familiarization effects, as documented in the present investigation, are most relevant for a limited range of speaker severity, or for speakers who exhibit at least some predictable speech errors. It may be the case that listener familiarization may be functionally unimportant for speakers with either mild or severe impairment.
Listeners. Table 1 illustrates the substantial overlap in individual performances, both within and across listener groups. All three groups contained both "good" and "poor" listeners, as indicated by percent-correct scores. A limitation of the present investigation is that a measure of intrarater reliability was not obtained for the listeners. Thus, the present results do not tell us if individual listeners were consistently "good" or "poor" in transcribing the speech sample. In addition, listener response rates varied considerably, particularly across adjacent groups (control-treatment and treatment-familiarization). Were some listeners simply more conservative in their approach, not venturing a guess unless they were fairly certain of their accuracy? A Pearson Product Moment test performed after the experiment revealed no significant correlation between response rate and accuracy, which suggests that this was probably not the case. Because listening conditions were identical for all subjects, we can speculate that the overlap in performance is somehow related to listening skills.
The listeners in the present investigation were similar in many ways. They were all females who reported no prior experience listening to dysarthric speech. They were predominantly students from the College of Liberal Arts, and many were undergraduates in Communication Disorders.
From where might the apparent differences in listening skills arise? Several factors were not controlled in listener selection, and it is our impression that these factors may distinguish "good" from "poor" listeners. We noted anecdotally that motivation and general intellect varied rather widely across our listeners. Some subjects appeared to be very motivated and conscientious as they completed the transcription task. Others participated in the study to earn extra credit in a course in lieu of the monetary compensation. Because decoding this speech required a great deal of listener effort and intuition, motivational and intellectual factors could account for some of the variety in performance levels seen here.
Future investigations might explore various levels of listener skill and incentive. It is an empirical question whether more experienced listeners would exhibit similar levels of variability in such a task. It also would be of interest to determine whether listeners such as family members and caregivers can be trained using a familiarization procedure. These types of studies will allow us to identify the listener variables that are associated with performance on intelligibility tasks in dysarthria.
Procedure. The between-group design of this investigation does not allow us to make causal interpretations about the influence of the familiarization procedure. However, it does allow us to predict that a relatively brief exposure to a speech passage with written feedback may be sufficient to enhance the intelligibility of that same speaker.
This prediction is supported by data from a study related to this one. Using samples from this same speaker, Tjaden and Liss (1992) found that listeners who participated in the familiarization procedure and then transcribed the control sentences did significantly better than those listeners who were not familiarized (that is, the control group from the present investigation). However, there was no significant difference between the treatment group performance of the present study and that of the familiarized group who transcribed the control sentences in the previous study. This suggests that, for this speaker, the sentences produced with the breath-group strategy (treatment) were equally intelligible to those sentences produced without the breathgroup strategy (control) when listeners had first undergone the familiarization procedure. If a within-group comparison showed the same pattern of results, one could conclude that the treatment strategy did no more than the familiarization procedure to improve intelligibility.
Another implication of this finding is that familiarization procedures themselves may be used as an effective intervention strategy. Programs aimed at improving or tuning the listening skills of family members and caregivers may be as effective as treatment programs aimed at remediating speech production deficits of dysarthric talkers.
This study has only begun to explore the complex relationship between listener familiarization and speech intelligibility judgments, and familiarity is just one of the many listener variables that might influence perceptual processing. Our findings suggest that even brief exposure to a sample of dysarthric speech may have beneficial perceptual effects. This possibility deserves further attention because it bears directly on professional practice. Additional studies using experienced listeners and different types of dysarthric speakers must be conducted. If similar patterns of results are obtained in such studies, we can assume that day-to-day contact with our patients artificially inflates our estimates of speech intelligibility or treatment progress.
